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1. 

SINGLE CIRCUIT MULTIPLE SPRAY CONE 
PRESSURE ATOMZERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to injectors and noZZles for 

spaying liquids, and more particularly to pressure atomizers. 
2. Description of Related Art 
A variety of devices are known for producing a spray from 

a pressurized liquid. Many of these are pressure atomizers 
designed to atomize fuel, water, or other liquids into a fine 
spray of droplets. Pressure atomizers can be made relatively 
small and therefore lend themselves to applications where 
space is limited. An exemplary pressure atomizer or nozzle is 
described in U.S. Pat. No. 3,680,793 to Tate et al. 

In traditional configurations, the spray produced from a 
pressure atomizer has a shape that changes depending on the 
applied flow rate and pressure. Typically a pressure atomizer 
will produce a spray shape that varies from a discrete jet, to a 
Solid cone, to a hollow cone, as the applied pressure and flow 
rate increase. 

In various applications, such as in combustors of gas tur 
bine engines, for example, it is desirable to have a consistent 
spray shape over the entire range of operating pressures and 
flow rates. A solid cone spray is ideal for many applications. 
However, as described above, traditional pressure atomizers 
typically produce a solid spray cone only at a certain applied 
pressure, and at other pressures produce a hollow cone or 
discrete jet. 

Such conventional methods and systems have generally 
been considered satisfactory for their intended purpose. How 
ever, there is still a need in the art for atomizers that allow for 
improved performance overa wide range of applied pressures 
and flow rates. The present invention provides a solution for 
these problems. 

SUMMARY OF THE INVENTION 

The subject invention is directed to a new and useful atom 
izer for producing an atomized spray of liquid. The atomizer 
includes an atomizer body having a liquid inlet and a spray 
outlet with a liquid flow circuit defined through the inner 
atomizer body for fluid communication of liquid from the 
inlet to the spray outlet. The liquid flow circuit branches into 
a plurality of Sub-circuits. Each Sub-circuit is configured to 
produce a spray cone of atomized liquid issuing from the 
spray outlet Such that the spray cone of each Sub-circuit has a 
different cone angle. The Sub-circuits are mechanically sepa 
rated from one another to limit interaction of liquid in the 
Sub-circuits and thereby produce a distinct and stable spray 
cone from each sub-circuit over a range of liquid flow rates. 

In certain embodiments, the plurality of sub-circuits 
includes a first Sub-circuit and a second Sub-circuit. At least 
one passage can fluidly connect the liquid inlet with an annu 
lar chamber defined in the atomizer body, wherein the annular 
chamber is in fluid communication with both of the first and 
second Sub-circuits to Supply liquid to both. An annular wall 
can separate the annular chamber from a swirl chamber of the 
first sub-circuit inboard of the annular chamber. The swirl 
chamber can be in fluid communication with the annular 
chamber to receive liquid therefrom via at least one first 
Sub-circuit passage defined through the annular wall. 

It is contemplated that in certain embodiments, a first 
metering orifice is in fluid communication with the swirl 
chamber of the first sub-circuit. The first metering orifice 
defines an elongate passage through a protrusion defined on 
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2 
an inner distributor mounted to the atomizer body with the 
protrusion extending axially away from the annular chamber. 
The first and second Sub-circuits can correspond to separate 
liquid outlets. The second sub-circuit can include at least one 
passage connecting the annular chamber to a second metering 
orifice defined outboard of the inner distributor and inboard of 
an outer distributor mounted outboard of the inner distributor. 
The outer distributor can extend beyond the inner distributor 
in a downstream axial direction. The second metering orifice 
can define a converging annular passage between the inner 
and outer distributors. 
The protrusion of the inner distributor can separate the 

outlet portions of the first and second sub-circuits to limit 
interaction of liquid in the Sub-circuits and thereby produce a 
distinct and stable spray cone from each sub-circuit over a 
range of liquid flow rates. The annular chamber described 
above can feed into the outlet orifice of the outer distributor. 
The inner distributor can include at least one passage, such as 
a Swirl passage, fluidly connecting the annular chamber of the 
atomizer body to outlet orifice of the outer distributor. The 
swirl chamber described above can feed into the outlet orifice 
of the inner distributor. The outletorifice of the outer distribu 
tor can define a converging annular passage between the inner 
and outer distributors. 

In certain embodiments, the atomizer can include a second 
liquid flow circuit defined through the atomizer body out 
board of the first and second sub-circuits of the first liquid 
flow circuit. An outer atomizer body can be mounted out 
board of the outer distributor and atomizer body described 
above. The second liquid flow circuit can be defined between 
the inner atomizer body and the outer atomizer body. 

It is also contemplated that a third sub-circuit of the first 
liquid flow circuit can be defined between the outer atomizer 
body and the outer distributor. In such embodiments, at least 
one separate passage can be defined in the inner atomizer 
body to fluidly connect the liquid inlet with the third sub 
circuit. The outer distributor can include an axially extending 
protrusion outboard of the protrusion of the inner distributor 
to provide mechanical separation between outlet portions of 
the second and third sub-circuits. The separation of the outlet 
portions of the sub-circuits limits interaction of liquid in the 
Sub-circuits and thereby produces a distinct and stable spray 
cone from each Sub-circuit over a range of liquid flow rates. 
The third Sub-circuit can be configured to produce a spray 
with a wider spray cone angle than that of the second Sub 
circuit. The second Sub-circuit can in turn be configured to 
produce a spray with a wider spray cone angle than that of the 
first sub-circuit. 

These and other features of the systems and methods of the 
Subject invention will become more readily apparent to those 
skilled in the art from the following detailed description of the 
preferred embodiments taken in conjunction with the draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that those skilled in the art to which the subject inven 
tion appertains will readily understand how to make and use 
the devices and methods of the subject invention without 
undue experimentation, preferred embodiments thereof will 
be described in detail herein below with reference to certain 
figures, wherein: 

FIG. 1 is a perspective view of a prior art atomizer, showing 
the inlet portion; 

FIG. 2 is a perspective view of the atomizer of FIG. 1, 
showing the core removed; 
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FIG.3 is across-sectional elevation view of the atomizer of 
FIG. 1, showing the outlet orifice and showing the core 
removed; 

FIG. 4 is across-sectional elevation view of the atomizer of 
FIG. 1, showing the core in place; 

FIG. 5 is a perspective view of an exemplary embodiment 
of an atomizer constructed in accordance with the present 
invention, showing the atomizer outlet; 

FIG. 6 is an exploded perspective view of the atomizer of 
FIG. 5, showing the housing removed; 

FIG. 7 is an exploded perspective view of the atomizer of 
FIG. 6, showing the outer atomizer body and the inner and 
outer distributors removed from the inner atomizer body; 

FIG. 8 is an exploded perspective view of the inner and 
outer distributors of FIG. 7, showing the axial protrusion of 
each distributor; 

FIG. 9 is across-sectional side elevation view of the inner 
atomizer body of FIG. 7, showing the liquid inlet, annular 
chamber, and Swirl chamber; 

FIG.10 is a outlet end elevation view of the inner and outer 
distributors of FIG. 7, showing the outletorifice of each of the 
first and second sub-circuits of the liquid flow circuit; 

FIG. 11 is a cross-sectional side elevation view of the inner 
and outer distributors of FIG. 10, showing the outlet portions 
of the first and second sub-circuits of the liquid flow circuit; 

FIG. 12 is an exploded perspective view of a portion of the 
inner atomizer body and the inner and outer distributors of 
FIG. 7, schematically indicating the fluid communication 
from the annular chamber to the portions of each of the first 
and second Sub-circuits in the inner and outer distributors; 

FIG. 13 is a cross-sectional side elevation view of the outer 
atomizer body of FIG. 7, showing the converging outlet ori 
fice for the second liquid flow circuit; 

FIG. 14 is cross-sectional side elevation view of the atom 
izer of FIG. 5, schematically showing the spray angles of the 
Spray cones; 

FIG. 15 is a perspective view of the atomizer of FIG. 5, 
schematically showing the spray cones of the first and second 
Sub-circuits, and indicating the cross-section shown in FIG. 
14: 

FIG. 16 is an exploded perspective view of an exemplary 
embodiment of an atomizer with a liquid flow circuit having 
three Sub-circuits, showing the outer atomizer body and the 
inner and outer distributors removed from the inner atomizer 
body; 

FIG. 17 is a cross-sectional side elevation view of the inner 
atomizer body of FIG. 16, showing the passages from the 
liquid inlet to the third sub-circuit; 

FIG. 18 is a cross-sectional side elevation view of the inner 
atomizer body of FIG. 16, showing one of the passages from 
the liquid inlet into the annular chamber at the cross-section 
indicated in FIG. 16; 

FIG. 19 is cross-sectional elevation view of the atomizer of 
FIG. 16, schematically showing the spray angles of the spray 
cones; and 

FIG. 20 is a perspective view of the atomizer of FIG. 16, 
schematically showing the spray cones of the first, second, 
and third sub-circuits. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made to the drawings wherein like 
reference numerals identify similar structural features or 
aspects of the Subject invention. For purposes of explanation 
and illustration, and not limitation, a partial view of an exem 
plary embodiment of an atomizer in accordance with the 
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4 
invention is shown in FIG. 5 and is designated generally by 
reference character 100. Other embodiments of atomizers in 
accordance with the invention, or aspects thereof, are pro 
vided in FIGS. 6-20, as will be described. The systems of the 
invention can be used to produce atomized sprays of liquid 
with a substantially solid spray cones over a range of pres 
SUCS. 

With reference first to FIG. 1, a pressure atomizer10 of the 
prior art is shown having an inlet end 12 and an outlet end 14. 
A core 16, shown separately in FIG. 2, divides the flow 
internally to produce a solid spray cone. Outlet end 14 
includes a single outlet orifice 18, shown in FIG. 3, which is 
fed from two sources. First, with reference to FIG. 4, flow 
enters core 16 and flows through the central bore 20 thereof to 
into spin chamber 22. Second, flow enters core 16 and passes 
laterally through bores 24 to a space between core 16 and the 
main body of atomizer 10. From this space, the flow passes 
through slots 26, shown in FIG. 2, into spin chamber 22. Slots 
26 are radially off-center and therefore impart swirl on the 
combined flow from bore 20 and slots 26 within spin chamber 
22. This combined, spinning flow passes through bore 18 to 
become an atomized spray cone. 

Referring now to FIG. 5, a pressure atomizer 100 in accor 
dance with the present invention includes a plurality of sub 
circuits, and maintains mechanical separation between the 
Sub-circuits for improved spray cone characteristics. Atom 
izer 100 includes a housing 102 with an outlet opening 104. 
As shown in FIG. 6, housing 102 houses inner and outer 
atomizer bodies 106 and 108. 

Referring now to FIG. 7, inner and outer atomizer bodies 
106 and 108 form a main atomizer body and include a liquid 
inlet 110 and a spray outlet 112, respectively. A liquid flow 
circuit is defined through the inner atomizer body 106 for 
fluid communication of liquid from inlet 110 to the spray 
outlet 112. The liquid flow circuit branches into a plurality of 
Sub-circuits. Each sub-circuit is configured to produce a spray 
cone of atomized liquid issuing from the spray outlet Such that 
the spray cone of each Sub-circuit has a different cone angle. 
Inner and outer distributors 114 and 116, shown separately in 
FIG. 8, are mounted to inner atomizer body 106 to mechani 
cally separate the first and second Sub-circuits from one 
another to limit interaction of liquid in the Sub-circuits and 
thereby produce a distinct and stable spray cone from each 
sub-circuit over a range of liquid flow rates. Outer distributor 
116 includes swirl slots 117 for imparting swirl onto liquid 
passing through the second liquid circuit described below. 

Referring now to FIG. 9, four passages 118 provide fluid 
communication from inlet 110 to an annular chamber 120 
defined in the outlet end of atomizer body 106. Annular 
chamber 120 is in fluid communication with both of the first 
and second Sub-circuits to Supply liquid to both. An annular 
wall 122 separates annular chamber 120 from a swirl chamber 
124 of the first sub-circuit inboard of the annular chamber 
120. Swirl chamber 124 is in fluid communication with annu 
lar chamber 120 to receive liquid therefrom via first sub 
circuit swirl passages 126 defined through annular wall 122. 
As shown in FIG. 12, swirl passages 126 are off-center radi 
ally with respect to swirl chamber 124 for imparting swirl on 
fluids of the first sub-circuit flowing into swirl chamber 124. 

With reference to FIG. 10, a first metering orifice 128 is in 
fluid communication with the swirl chamber 124 of the first 
Sub-circuit. As shown in cross-section in FIG. 11, metering 
orifice 128 defines an elongate passage through a protrusion 
130 defined on inner distributor 114. As shown in FIG. 14, 
protrusion 130 extends axially away from annular chamber 
120. With outer distributor 116 mounted outboard of inner 
distributor 114, a second metering orifice 132 is defined as an 
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annular opening between protrusion 130 and a corresponding 
axially extending protrusion 134 of outer distributor 116. 
Second metering orifice 132 defines a converging annular 
passage between the inner and outer distributors 114 and 116. 
Each of orifice 128 and orifice 132 provides a separate liquid 
outlet for a respective one of the first and second sub-circuits. 

Referring now to FIG. 12, the first and second sub-circuits 
separate from one another downstream of annular chamber 
120, which serves as an outlet from inner atomizer body 106 
for the first and second Sub-circuits. Liquid passes into the 
first Sub-circuit through Swirl passages 126, into Swirl cham 
ber 124, and from there through opening 138 which feeds into 
metering orifice 128 described above. Three swirl passages 
136 are defined in inner distributor 114, cooperating with the 
inner surface of outer distributor 116, for passage of liquid 
from annular chamber 120 into the second sub-circuit. Liquid 
passing through Swirl passages 136 flows to second metering 
orifice 132, and swirl passages 136 are angled to impart swirl 
onto the liquid passing into orifice 132. 

With reference now to FIG. 13, atomizer 100 includes a 
second liquid flow circuit defined through the main atomizer 
body outboard of the first and second sub-circuits of the first 
liquid flow circuit Inner surface 140 of outer atomizer body 
108 is mounted to standoffs 142 of inner atomizer body 106, 
which are shown in FIG. 12. This places outer atomizer body 
108 outboard of outer distributor 116 and inner atomizer body 
106, as shown in FIG. 14. The second liquid flow circuit is 
defined between the inner and outer atomizer bodies 106 and 
108, so liquid can flow between standoffs 142, through the 
converging space between outer distributor 116 and the outlet 
end of outer atomizer body 108, and out through spray outlet 
112. 

With continued reference to FIG.14, the outlet end of outer 
distributor 116 extends beyond the outlet end of inner dis 
tributor 114 in a downstream axial direction. This helps to 
keep the two spray cones distinct, minimizing interaction 
between the spray cones and promoting spray stability. Pro 
trusion 130 of inner distributor 114 separates the outlet por 
tions of the first and second sub-circuits to limit interaction of 
liquid in the Sub-circuits and thereby produce a distinct and 
stable spray cone at outlet 112 from each sub-circuit over a 
range of liquid flow rates. The first Sub-circuit produces an 
inner spray cone 143 from metering orifice 128, and the 
second sub-circuit produces an outer spray cone 144 from 
metering orifice 132, outboard of inner spray cone 143. 

While each of the spray cones 143 and 144 is shown sche 
matically as a hollow cone in FIG. 14, in practice the spray 
cones 143 and 144 are made of atomized droplets and do not 
have discrete boundary surfaces downstream of outlet 112. 
Instead, the droplets of the two spray cones interact with one 
another to produce an overall spray pattern that forms a more 
uniform distribution in the entire spray area. Since spray 
cones 143 and 144 are both produced from separate sub 
circuits of the same liquid circuit, pressurizing the liquid 
circuit at inlet 110 produces a relatively solid spray cone 
downstream of outlet 112, and as the pressure varies at inlet 
110, the two spray cones 143 and 144 interact to ensure a 
Substantially solid spray cone is produced over the range of 
inlet pressures. The spray cones 143 and 144 are indicated in 
FIG. 15 with stippling, which shows the overall solid cone 
spray produced. The wider outer spray cone 144 provides a 
wide, well atomized spray required for ignition in a combus 
tor, for example. The narrower inner spray cone 143 provides 
a higher Velocity spray for penetration farther downstream, 
for example deeper into the combustor. The mechanical sepa 
ration between the sub-circuits within atomizer 100 is what 
allows the Solid cone of the multi-cone spray to be maintained 
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6 
over a wide range of flow rates, as opposed to atomizer 10 
described above, in which the sub-circuits recombine and mix 
in spin chamber 22 before being sprayed out a common 
outlet. The second liquid circuit is not shown producing a 
spray cone in FIGS. 14-15 for clarity. The second liquid 
circuit can be operated independent of the first liquid circuit, 
for example for fuel staging in gas turbine engines. 
The flow split for the two sub-circuits can be critical to 

proper spray cone interaction. For atomizer100, the flow spilt 
is 40% flow through the first sub-circuit and 60% through the 
second sub-circuit. The metering orifices 128 and 132 and 
swirl passages 126 and 136 are dimensioned to meter flow in 
the sub-circuits to maintain the flow split. Those skilled in the 
art will readily appreciate that the flow split can be altered as 
appropriate for specific applications without departing from 
the spirit and scope of the invention. 

Referring now to FIG. 16, another exemplary embodiment 
of an atomizer 200 is described that includes an inner atom 
izer body 206, outer atomizer body 208, inner distributor 214, 
outer distributor 216 similar to those described above with 
respect to atomizer100. Inner atomizer 206 includes passages 
218 for feeding liquid from inlet 210 to annular chamber 220, 
as described above with respect to atomizer 100. FIGS. 17 
and 18 show passages 218 in the two different cross-sections 
indicated in FIG. 16 do demonstrate the compound angle of 
passages 218, which diverge and impart Swirl on liquid fed 
into annular chamber 220. 

With reference to FIG. 19, whereas atomizer 100 includes 
two liquid circuits, one of which divides into two sub-circuits, 
atomizer 200 includes a single liquid circuit with three sub 
circuits. Instead of having standoffs on inner atomizer body 
206, e.g., standoffs 142 described above, inner atomizer body 
206 includes a land 241 that is continuous around the circum 
ference of inner atomizer body 206. Outer atomizer body 208 
is mounted to land 241 and forms a seal therewith. Standoffs 
242 are included on outer distributor 216 for mounting outer 
atomizer body 208 outboard of outer distributor 216. The first 
and second sub-circuits of atomizer 200 are essentially the 
same as those described above with respect to atomizer 100. 
The third sub-circuit is defined between the outer atomizer 
body 208 and both of the outer distributor 216 and the inner 
atomizer body 206. Passages 246 are defined in inner atom 
izer body 206 to provide fluid communication from inlet 210 
to the third sub-circuit. The seal between land 241 and outer 
atomizer body 208 prevents back flow of liquids in the third 
Sub-circuit. 

Protrusion 230 of the inner distributor 214 separates outlet 
portions of the first and second Sub-circuits, as described 
above. Axially extending protrusion 234 of outer distributor 
216 provides mechanical separation between outlet portions 
of the second and third sub-circuits for the same purpose. The 
separation of the outlet portions of the sub-circuits limits 
interaction of liquid in the sub-circuits within atomizer 200 
and thereby produces a distinct and stable spray cone from all 
three sub-circuits, as shown schematically in FIG. 20. As 
described above with respect to atomizer 100, the interaction 
of the three spray cones 243, 244, and 245 provides a sub 
stantially solid overall spray cone pattern over a range of 
liquid flow rates. Three cones/sub-circuits can produce an 
even more Solid overall spray cone over a range of pressures 
than two cones/sub-circuits. As shown in FIG. 19, the third 
Sub-circuit produces a spray cone 245 with a wider spray cone 
angle than that of spray cone 244 of the second Sub-circuit. 
The second sub-circuit in turn produces a spray cone 244 with 
a wider spray cone angle than that of spray cone 243 of the 
first Sub-circuit. Housing 202 can optionally form a gaseous 
circuit around inner and outer atomizer bodies 206 and 208, 
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with a gaseous swirler formed in outer atomizer body 208 for 
Swirling the gaseous flow. The gaseous flow could be air, 
natural gas, or any other suitable gas. The flows of air and 
liquid are indicated schematically in FIG. 19. The gaseous 
circuit can help atomize the liquid spray, can Supply combus 
tion air, and/or can help shape the spray cone. The gaseous 
circuit can also help prevent re-circulation of fuel onto the 
surface of atomizer body 208. 

While described above in the context of sub-circuits with 
different spay angles from one another, those skilled in the art 
will readily appreciate that an inner Sub-circuit can have the 
same spray angle as a corresponding outer Sub-circuit without 
departing from the spirit and scope of the invention. For 
example, an inner Sub-circuit spray angle can be the same as 
the corresponding outer Sub-circuit, but at different apex loca 
tions, see, e.g., FIG. 14 which shows two different apex 
locations for two sub-circuits. Generally, if the outer sub 
circuit's apex is downstream of the inner Sub-circuit’s apex, 
the two spray angles will not interact and integrate into a 
combined single spray angle. In certain applications, it may 
be best for the inner of two sub-circuits to have a slightly 
narrower spray angle than the outer Sub-circuit to avoid spray 
combination. 

While it has been described above in the exemplary context 
of two or three Sub-circuits producing spray cones from a 
single main flow circuit, those skilled in the art will readily 
appreciate that any suitable number of Sub-circuits or main 
circuits can be included. While described in the exemplary 
context of fuel atomization for gas turbine engines, those 
skilled in the art will readily appreciate that any suitable 
atomization fluid can be used and any suitable application can 
benefit from the systems and methods of the invention with 
out departing from its spirit and scope. 
The methods and systems of the present invention, as 

described above and shown in the drawings, provide for pres 
Sure atomizers with Superior properties including the ability 
to produce a Substantially solid cone spray over a range of 
applied pressures and flow rates. While the apparatus and 
methods of the subject invention have been shown and 
described with reference to preferred embodiments, those 
skilled in the art will readily appreciate that changes and/or 
modifications may be made thereto without departing from 
the spirit and scope of the Subject invention. 

What is claimed is: 
1. An atomizer for producing an atomized spray of liquid 

comprising: an atomizer body including a liquid inlet and a 
spray outlet with a liquid flow circuit defined through the 
atomizer body for fluid communication of liquid from the 
inlet to the spray outlet, wherein the liquid flow circuit 
branches into a plurality of Sub-circuits including a first Sub 
circuit and a second Sub-circuit, each configured to produce a 
spray cone of atomized liquid issuing from the spray outlet, 
wherein the Sub-circuits are mechanically separated from one 
another to limit interaction of liquid in the Sub-circuits and 
thereby produce a distinct and stable spray cone from each 
Sub-circuit over a range of liquid flow rates, wherein at least 
one passage fluidly connects the liquid inlet with an annular 
chamber defined in the atomizer body, wherein the annular 
chamber is in fluid communication with both of the first and 
second Sub-circuits to Supply liquid to both. 

2. An atomizer as recited in claim 1, wherein an annular 
wall separates the annular chamber from a swirl chamber of 
the first sub-circuit inboard of the annular chamber, wherein 
the swirl chamber is in fluid communication with the annular 
chamber to receive liquid therefrom via at least one first 
Sub-circuit passage defined through the annular wall. 
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3. Anatomizer as recited in claim 2, wherein a first meter 

ing orifice is in fluid communication with the swirl chamber 
of the first sub-circuit, wherein the first metering orifice 
defines an elongate passage through a protrusion defined on 
an inner distributor mounted to the atomizer body with the 
protrusion extending axially away from the annular chamber. 

4. An atomizer as recited in claim 3, wherein the second 
Sub-circuit includes at least one Swirl passage connecting the 
annular chamber to a second metering orifice defined out 
board of the inner distributor and inboard of an outer distribu 
tor mounted outboard of the inner distributor. 

5. An atomizer as recited in claim 4, wherein the outer 
distributor extends beyond the inner distributor in a down 
stream axial direction. 

6. An atomizer as recited in claim 4, wherein the second 
metering orifice defines a converging annular passage 
between the inner and outer distributors. 

7. Anatomizer as recited in claim 1, wherein the liquid flow 
circuit is a first liquid flow circuit, and further comprising a 
second liquid flow circuit defined through the atomizer body 
outboard of the first and second sub-circuits. 

8. An atomizer as recited in claim 1, wherein each of the 
Sub-circuits is configured to produce a spray cone of atomized 
liquid issuing from the spray outlet such that the spray cone of 
each Sub-circuit has a different cone angle. 

9. An atomizer for producing an atomized spray of liquid 
comprising: an inner atomizer body including a liquid inlet 
and liquid outlets wherein a liquid flow circuit is defined 
through the inner atomizer body from the inlet to the outlets, 
and wherein the liquid flow circuit includes first and second 
Sub-circuits corresponding to separate liquid outlets; an inner 
distributor mounted to the inner atomizer body, wherein the 
inner distributor defines a protrusion with an elongate outlet 
orifice defined therethrough for fluid communication from an 
outlet of the first sub-circuit in the inner atomizer body to an 
outlet of the inner distributor protrusion; and an outer dis 
tributor mounted outboard of the inner distributor, the outer 
distributor defining an outlet orifice outboard of the protru 
sion of the inner distributor and in fluid communication with 
an outlet of the second sub-circuit in the inner atomizer body, 
wherein the protrusion of the inner distributor separates outlet 
portions of the first and second Sub-circuits to limit interac 
tion of liquid in the sub-circuits and thereby produce a distinct 
and stable spray cone from each Sub-circuit over a range of 
liquid flow rates, wherein at least one passage fluidly con 
nects the liquid inlet with an annular chamber defined in the 
inner atomizer body, wherein the annular chamber is in fluid 
communication with both sub-circuits to Supply liquid to 
both. 

10. An atomizer as recited in claim 9, wherein an annular 
wall separates the annular chamber from a swirl chamber of 
the first sub-circuit inboard of the annular chamber, wherein 
the swirl chamber is in fluid communication with the annular 
chamber to receive liquid therefrom via at least one sub 
circuit passage defined through the annular wall, and wherein 
the annular chamber feeds into the outlet orifice of the outer 
distributor, and wherein the swirl chamber feeds into the 
outlet orifice of the inner distributor. 

11. An atomizer as recited in claim 9, wherein the inner 
distributor includes at least one Swirl passage fluidly connect 
ing the annular chamber of the inner atomizer body to outlet 
orifice of the outer distributor. 

12. An atomizer as recited in claim 9, wherein the outlet 
orifice of the outer distributor defines a converging annular 
passage between the inner and outer distributors. 

13. Anatomizer as recited in claim 9, further comprising an 
outer atomizer body mounted outboard of the inner atomizer 
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body, wherein a second liquid flow circuit is defined between 
the inner atomizer body and the outer atomizer body outboard 
of the first and second sub-circuits. 

14. An atomizer for producing an atomized spray of liquid 
comprising: an inner atomizer body including a liquid inlet 
and liquid outlets wherein a liquid flow circuit is defined 
through the inner atomizer body from the inlet to the outlets, 
and wherein the liquid flow circuit includes first and second 
Sub-circuits corresponding to separate liquid outlets; an inner 
distributor mounted to the inner atomizer body, wherein the 
inner distributor defines a protrusion with an elongate outlet 
orifice defined therethrough for fluid communication from an 
outlet of the first sub-circuit in the inner atomizer body to an 
outlet of the inner distributor protrusion; an outer distributor 
mounted outboard of the inner distributor, the outer distribu 
tor defining an outlet orifice outboard of the protrusion of the 
inner distributor and in fluid communication with an outlet of 
the second Sub-circuit; and an outer atomizer body mounted 
outboard of the outer distributor and inner atomizer body, 
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with a third sub-circuit defined between the outer atomizer 20 
body and the outer distributor, wherein the outer distributor 
separates outlet portions of the second and third Sub-circuits 
and wherein the protrusion of the inner distributor separates 

10 
outlet portions of the first and second sub-circuits to limit 
interaction of liquid in the Sub-circuits and thereby produce a 
distinct and stable spray cone from each sub-circuit over a 
range of liquid flow rates, wherein at least one passage 
defined through the inner atomizer body fluidly connects the 
liquid inlet with an annular chamber defined in the inner 
atomizer body, wherein the annular chamber is in fluid com 
munication with the first and second Sub-circuits to Supply 
liquid to both, and wherein at least one separate passage 
defined in the inner atomizer body fluidly connects the liquid 
inlet with the third sub-circuit. 

15. An atomizer as recited in claim 14, wherein the outer 
distributor includes an axially extending protrusion outboard 
of the protrusion of the inner distributor, and wherein the 
protrusion of the outer distributor provides mechanical sepa 
ration between the second and third sub-circuits. 

16. An atomizer as recited in claim 14, wherein the third 
Sub-circuit is configured to produce a spray with a wider spray 
cone angle than that of the second Sub-circuit, and wherein 
the second Sub-circuit is configured to produce a spray with a 
wider spray cone angle than that of the first Sub-circuit. 
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